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The first indication of the existence of gonadotropic substances in anterior 
pituitary extracts came from the pioneer work of Smith (1927). It was shown 
later by Fevold, Hisaw, and Leonard (1931)  and others that the gonadotropi- 
call), active pituitary extracts contain two components: the follicle-stimulating 
hormone  (FSH)  and  the  interstitial  cell-stimulating  hormone  (ICSH).  The 
former concerns mainly the stimulation of follicle growth in  the ovaries and 
increase of spermatogenic activity in the male, while the function of ICSH is 
to  transform the follicles to corpora lutea in  the ovaries and  to enlarge the 
secondary sex  glands  through  its  stimulation  of  the  interstitial  cells of  the 
testes. The isolation of ICSH from both sheep and pig glands has been reported 
independently by Li,  Simpson,  and  Evans  (1940)  and  Shedlovsky, Rothen, 
Greep, van Dyke, and Chow (1940). Recently Li and coworkers (Li, Simpson, 
and Evans, 1949; Li, 1949) described a  procedure for the preparation of FSH 
in  a  highly purified  form from sheep pituitary  tissue.  The physicochemical 
characteristics of the hormone are herein presented. 
EXPERIMENTAL 
The hormone was prepared by the procedure previously described (Li, 1949) from 
fresh sheep pituitary glands.  The foUicle-stimulating activity was tested on female 
rats hypophysectomized at 27 days of age (Evans, Simpson, Tolksdorf, and Jensen, 
1939). 
E1ectrophoresis  experiments  were  performed in  a  Tiselius  apparatus  (Tiselius, 
1937) with the optical system of Longsworth (1929) or Svensson (1943). Ultracentrif- 
ugation was carried out at 165,000 ×  gravity in an oil-turbine  machine after Sved- 
berg. 
The Claesson diffusion cell (Claesson, 1946) with the Lamm scale method (Lamm, 
1937) was employed for the diffusion experiments  at 20.00C. The hormone was dis- 
solved in a pH 7.0 phosphate buffer of ionic strength 0.10 and dialyzed for a few days 
against the same buffer in a cold room (3-5°C.). Exposures were made at different time 
intervals. The specific volume was determined by the method of Drucker (1941). 
* Aided in part by a grant from The Rockefeller Foundation, and Merck and Com- 
pany, Inc., New Jersey. 
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The hexose determination was carried  out by methods depending  upon the reac- 
tion between the sugar and orcinol  (Sorensen  and Haugaard,  1933; Vasseur,  1948). 
Mannose was used as the standard throughout. Hexosamine was determined by the 
method of Elson and Morgan as modified by Blix (1948). The amino acid content was 
determined in an acid hydrolysate using the microbiological technique (Hier, Graham, 
Freides,  and Klein,  1945). Phosphorus was determined by the method of Berenblum 
and Chain (1938). 
_A_... 
(a) 
FIG. 1.  Electrophoretic patterns of a  follicle-stimulating  hormone preparation in 
pH 7.0 phosphate buffer of 0.1  ionic strength; potential gradient, 7.47 volts per cm. 
and time of electrolysis,  164 minutes.  (a)  ascending  boundary; (b) descending  bound- 
ary. 
(b) 
FIG. 2.  Electrophoretic patterns of a  foUide-stimulating  hormone preparation in 
pH 4.09 acetate buffer of 0.1 ionic strength; potential gradient, 5.90 volts per cm. and 
time  of  electrolysis,  251  minutes.  Upper,  descending  boundary;  lower,  ascending 
boundary. 
RESULTS 
Elearophomsis.--The electrophoretic homogeneity of the hormone was  in- 
vestigated in buffers of ionic strength 0.10 at pH 4.0 to 7.0.  In every case a 
single boundary appeared and there was no indication of the presence of other 
contaminating materials. Fig. 1 presents the patterns obtained in a phosphate 
buffer of pH 7.0.  The potential gradient was 7.47  volts per cm., and the  time 
of electrolysis was 164 minutes. It is evident that the preparation behaves as a 
single component under these conditions.  Similar conclusions are indicated by 
the patterns found in pH 4.09 acetate buffer (see Fig. 2). 
From  electrophoretic  mobilities  at  different  pH  as  shown  in  Fig.  3,  the 
isoelectric point of the hormone is estimated to be at pH 4.5.  It is of interest CHOH  HAO  LI  AND  KAI  O,  PEDERSEN  631 
that this value is not greatly different from that of the interstitial  cell-stimu- 
lating  hormone  (Li,  1947). 
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FIG.  3.  Electrophoretic mobility of follicle-stimulating hormone as a  function of 
pH. 
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FIG.  4.  Normalized diffusion  curve of a  follicle-stimulating hormone preparation 
in pH 7.0 phosphate. 
Diffusion.--Experimental diffusion  curves in one experiment  were normal- 
ized and then compared with the ideal Gaussian curve. The results  are shown 
in Fig. 4.  It is apparent  that the agreement between  the  theoretical  and ex- 632  PITUITARY  FOLLICLE-STIMULATING  HORMONE 
perimental  curves  seems  satisfactory,  an  agreement  which  may be  taken  as 
indicating the homogeneity of the FSH protein. 
The  diffusion  constants  were  computed  by  the  maximum  ordinate-area 
method,  Da,  and  also by the  method of moments,  Dm  (Neurath,  1942).  The 
results are summarized  in Table  I; it may be noted  that  the average  values 
of D~  (5.96 X  10  --7) and D~ (6.25  X  10  -~) are in fair agreement. 
Specific  Volume.--The  specific  volume,  1  V,  was  determined  on  a  sample 
which had been dried over P205  at 21°C. From a  1.8 per  cent solution  of the 
hormone in water, a value of V20 (corrected to 20°C.)  =  0.724 was obtained. A 
part of the dry hormone was further desiccated at 105°C., whereby it lost 2.6 
per cent in weight. If this correction for moisture is made, the value of V~0 be- 
comes 0.718 . 
TABLE I 
Diffusion of Folllcle-Stlmulating Hormone at 20°C. 
Concentration* 
#et Cen~ 
0.25 
0.2 
0.5 
0.5 
0.2 
D~ (10') 
5.61 
6.04 
5.95 
6.00 
6.21 
Diffusion constant~ 
Dm (100 
5.66 
6.21 
6.09 
6.34 
6.97 
Mean ....................  '5.96  6.25 
* Solvent, pH 7.0 phosphate  buffer of ionic strength 0.10. 
kt D•  was calculated  by the maximum  ordinate-area  method,  while D,~ by the method 
of moments. For the details of calculations, see reference 18. 
Ultracentrifugation.--In a previous paper (Li, 1949), the behavior of an FSH 
preparation was studied  in a  Spinco ultracentrifuge,  and the results indicated 
that the hormone protein is essentially a  single substance.  We have reinvesti- 
gated  several  FSH  preparations  in  the  Svedberg  oil-turbine  apparatus.  One 
preparation  showed  a  homogeneous  sedimentation,  while  others  contained, 
besides  the  normal  FSH  component,  a  very small  amount  of contaminating 
materials  with  $2o  =  6.5  S  or 2S.  As shown in Fig.  5,  the  variation  of  the 
sedimentation  constant,  $20, with a  change in the concentration of protein  C 
may be  represented  by  the  equation  $20  =  4.7  --  0.2C.  The  concentration 
refers to grams of hormone per  100 cc. of 0.2 ~s NaC1.  Thus the value of $20 
at C  =  0 becomes 4.7 S. The treatment of the ultracentrifugal data was essen- 
tially that of Svedberg and Pedersen (1940). 
1 The authors are grateful to Professor C. Drucker for these determinations. CHOH  HAO  LI  AND  KAI  O.  PEDERSEN  633 
We have also determined the sedimentation constant in a  borate buffer of 
pH 10 and found no changes in the rate of sedimentation in comparison with 
the data obtained in 0,2 M NaCI. 
From the determination described above, the molecular weight, M, may be 
calculated  from Svedberg's formula: 
RTSw 
M 
D(1 -- pV~) 
in which R  is the gas content, T  the absolute temperature, and p the density 
of the solvent. By putting S,0  =  4.70 S,  V~0  =  0.718, and  by taking the D~ 
values as the most representative for the diffusion coefficient; i.e., DA =  6.0 X 
10  -r cm. per sec., we have computed the molecular weight of the follicle-stimu- 
lating hormone to be 67,000 and the frictional ratio, fir  o =  1.33. This high value 
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FIG. 5.  Sedimentation  constant of follicle-stimulating  hormone as a  function of 
concentration. 
for the frictional ratio indicates that  the protein hormone is not a  compact 
spherical molecule. If the molecule were assumed to be an unhydrated prolate 
ellipsoid, the axial ratio would be about 1 to 7. 
Cornposition.--The elementary analyses in duplicate of a homogeneous sample 
of FSH  obtained  the  following data:  C,  44.93  per  cent;  H,  6.67  per  cent; 
N,  15.10 per cent; and  S,  1.50 per cent. No phosphorus was detected in the 
protein. The analytical results on the content of hexose are summarized in Table 
II.  It  is  significant  that  the  values obtained from different samples  of the 
hormone are consistent. The average amount of hexose in different preparations 
of follicle-stimulating hormone is 1.23 gin. per 100 gm. of the protein. 
A total of 10 determinations of hexosamine in 2 samples of FSH preparations 
gave an average value of 1.51 per cent hexosamine. There was a wide range of 
variation in these determinations: from 1.14 to 1.71 per cent. 634  PITUITARY FOLLICLE-STIMULATING  HORMONE 
The amino acid content was determined  ~ in an acid hydrolysate of a homoge- 
neous hormone preparation. The following values in grams per  100  gm.  pro- 
tein  were  obtained:  arginine,  5.3;  aspartic  acid,  9.3;  cystine,  4.3;  glutamic 
acid, 13.4; histidine, 3.7; isoleucine, 3.3; leucine, 9.2;  lysine, 11.1; methionine, 
1.0; phenylalanine, 5.8; proline, 5.2;  threonine,  4.7;  tyrosine, 3.8; and valine, 
TABLE II 
The Hexose Content in Preparations of Follicle-Stimulating Hormone 
Preparation 
L 1616 F 
L 1641 D 
L 1657 D 
L 2037 B 
Mean  -4-  standard 
error ............ 
No. of  I 
deter-  i 
mi°__iion___~_~ 
8 
4  ] 
Hexoses 
per ~ent 
1.17 
1.20 
1.25 
1.10 
1.45 
Methods 
Sorensen and Haugaard (22) 
Sorensen and Hauganrd (22) 
Vasseur  (27) 
Sorensen and Haugaard (22) 
Vasseur (27) 
1.23  4- 0.06 
TABLE III 
Biologic Activity  of Follicle-Stimulating  Hormone after Acid  and  Heat  Treatment 
Minimum effective  Solvent*  Temperature  Time of treatmen  dose1: 
pH 4.0 acetate buffer ................ 
pH 4.0 acetate buffer ................ 
0.025 ~ HC1 ........................ 
0.01 ~ HCI ......................... 
pH 7.7 phosphate buffer ............. 
0.2 ~ NaCI ......................... 
0.2 ~t NaC! ......................... 
0.2 ~ NaCI ..............  ". ....... ... 
oc. 
25 
31 
31 
31 
80 
6O 
80 
100 
hg$. 
18 
6 
½ 
½ 
½ 
½ 
½ 
% 
rag. 
0.05 
0.05 
>0.4 
>0.6 
0.3 
0.05 
0.3 
>2.0 
* Concentration of the hormone,  5 mg. per cc.; acetate and phosphate buffers have ionic 
strength 0.10. 
:~ See footnote to Table I. 
5.8. When the amount of S in the molecule was computed from the cystine and 
methionine content, it gave a value (1.37 per cent) which agrees very well with 
the elementary analysis. 
Stability of the Hormone.--Lyophilization  causes a  decrease of the activity of 
the  follicle-stimulating hormone  to  one-half its original potency.  The  reason 
We are greatly indebted to Dr. S. W. Hier of the Wilson Laboratories, Chicago, 
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for this inactivation is unknown. Similar behavior was observed with the preg- 
nant mare serum gonadotropin (Li, Evans  , and Wonder, 1940). 
In dilute HCI solution, the follicle-stimulating activity is greatly reduced, 
as shown in Table III. If a  0.5 per cent hormone solution in 0.01 •  or 0.025 
x~ HCI is kept at 31°C.  for 30 minutes, the minimum effective dose of the 
hormone increases from 0,05  rag. to more than 0.4 to 0.6 mg. On the other 
hand, the hormone in pH 4.0 acetate buffer does not lose potency after pro- 
longed standing at 25°C. 
Treatment with heat destroys the hormonal activity. The biologic potency 
of FSH is abolished if a 0.5 per cent hormone solution is kept in a boiling water 
bath for 10 minutes. When a 0.5 per cent solution of the hormone in saline is 
kept at 80°C. for 30 minutes, the FSH activity is greatly reduced. However, if 
the same solution is kept at 60°C. for 30 minutes, the follicle-stimulating activ- 
TABLE  IV 
Physicochemical  Characteristics of Pituitary Follide-Stimulating  Hormone  (Sheep) 
N, per cent ............................................................  15.10 
S, per cott ............................................................  1.50 
Hexose, per c~tt .......................................................  1.23 
Hexosamine, per ¢~nt ...................................................  1.51 
Isoelectric point, pH ...................................................  4.5 
Sedimentation constant, S ..............................................  4.70 
Diffusion constant, D~ .................................................  6.0 X  10-7 
Specific volume, V~0 ...................................................  0.718 
Molecular weight ......................................................  67,000 
Frictional  ratio, fifo ..............................................  1.33 
ity is essentially unchanged. Table III summarizes the data pertinent to these 
conclusions. 
DISCUSSION 
It is apparent from the data derived from electrophoresis, diffusion, and 
ultracentrifugation that the follicle-stimulating hormone behaves as a  single 
substance. The physiochemical characteristics of the hormone preparation are 
summarized in Table IV. 
Recently van Dyke, Pan, and Shedlovsky (1950) have described a method 
for the isolation of FSH from hog pituitary glands which yielded a  prepara- 
tion of maximum purity of 80 to 85 per cent, judged by the electrophoretic 
analysis. They have reported an isoelectric point of pH 4.8 for their hog FSH 
which is practically identical with the value of the sheep hormone given in 
this paper.  However, it has been shown from immunological studies by the 
same authors that the hog and sheep FSH preparations are different. It is not 
uncommon that the same hormone isolated from different species has different 636  PITUITARY  FOLLICLE-STIMULATING  HORMONE 
physicochemical characteristics. We have shown previously that the lactogenic 
hormones from ox and sheep glands (Li, 1947) may b~ differentiated by their 
tyrosine content and solubility characteristics. Similarly, interstitial cell-stimu- 
lating hormone preparations from hog and sheep glands appear to be different 
proteins  with widely different molecular weights and  isoelectric points  (Li, 
1947). In the case of insulin, Sanger (1949) has demonstrated a difference be- 
tween ox and hog preparations in terminal end groups. 
The presence of carbohydrates in purified FSH preparations has been demon- 
strated by various investigators. Gurin (1942) reported that a pig preparation 
of Greep, van Dyke, and  Chow  (1940) contains about 4.5  per  cent each of 
mannose  and  hexosamine,  while  FSH  preparations  from  sheep  glands  are 
known to be rich in carbohydrates and glucosamine. Results in this paper show 
that the hexose and hexosamine content of the homogeneous FSH preparation 
are  1.23 per cent and  1.51 per cent respectively. It may be seen that these 
values are lower than those reported by Gurin (1942) for the pig preparation, 
although the ratio of hexose to hexosamine is identical for the two. The sugges- 
tion arose from enzyme studies done by McShan and Meyer (1940) that the 
carbohydrate residues may play an important role in the biologic activity of 
FSH. The essentiality of these residues in the protein molecule for the follicle- 
stimulating potency has yet to be demonstrated conclusively. 
SUMMARY 
The physiochemical characteristics of the follicle-stimulating  hormone (FSH) 
from whole sheep pituitary glands have been studied. The hormone behaves as 
a single protein in electrophoresis, diffusion, and ultracentrifugation. It has an 
isoelectric point at pH 4.5 and a molecular weight of 67,000 and contains 1.23 
per cent hexose and  1.51 per cent hexosamine. The amino acid composition 
has also been determined in large part. The stability of the hormone to acid 
and heat has been investigated. 
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